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1. Introduction
The SON Use Case for “Cell Reselection / Handover Parameters Optimisation Example” has been agreed by RAN3 and included in the internal TR R3.018 [1]. Simulations results have highlighted potential load balancing benefits in terms of cell capacity (refer to [2], [3] and [4]). In order to fit the issues and way forward outlined during the RAN3 #57bis meeting, the present contribution:
· describes the use case scenario;
· describes a high level procedure;
· details main required parameters.
A text proposal for inclusion as an Annex in TS 36.300 is formulated. Architecture aspects are considered in an additional document.
2. Scenario description

The target of load balancing self tuning mechanisms is to automatically adjust cell reselection and handover parameters in order to cope with unequal traffic load and local congestion and increase the overall system capacity, while minimizing the human intervention in network management and optimization tasks. In general, load balancing has to apply to the following scenarios:

· Intra-frequency LTE;
· Inter-frequency LTE;
· Inter-RAT.
This contribution takes into consideration the first two cases.
Load balancing procedures may be applied for two purposes:

· limit the congestion: in this case the load distribution mechanism is triggered by an overload situation;
· distribute the load all over the network: in this case the load gap between cells is considered by the load distribution mechanism.
This mechanism applies to UEs both in Idle and Active mode, where the setting of related parameters has to be managed in a coordinated way. The joint application of both mechanisms is expected to provide a more significant benefit than the application of one mechanism only.
2.1 Active mode
The case of active mode mobility has been considered in [3] and [4] for the following reasons:

· it is more efficient for a congested cell to cope with DL interference from a neighbouring eNodeB transmitting to a UE close to the cell border than to allocate resources to that UE;

· a mechanism in active mode makes it possible to improve the load balancing efficiency when considering an active user in mobility situation.
2.2 Idle mode
The case of idle mode mobility [2], i.e. the selection of the most suitable cell for load balancing purposes, has been considered as a complementary solution to the active mode one, since it limits the occurrence of load-based handover at RRC connection request and hence, it has positive effects on the signalling and processing power requirements for network equipment.

Moreover, load balancing applied in idle mode has the advantage that it acts before the application of the Admission Control function of the congested cells, so, depending on admission control implementations, it may reduce the blocking probability.

The above described reasons may be summarized as follows: 
· aligned behaviour between idle and active mobility, reducing the need for subsequent handover at the RRC connection request;
· reduction of uplink load in the source cell in idle-to-active transition;
· reduction of blocking probability.
3. Procedure
The mechanism for load balancing is based on the following steps:

1. eNodeBs monitor the load in the serving cell. Architecture for the exchange and processing of related load information is FFS;
2. An algorithm identifies the need to distribute the load between adjacent cells, e.g. by comparing the load among the cells, the type of ongoing services, the cell configuration, etc.

3. The handover margins between the congested cell and one or more neighbouring cells are modified;
4. The cell reselection parameters between the serving and one or more neighbouring cells are modified and the modification is signalled to the UEs by means of BCCH System Information change indication;
5. According to the cell reselection and handover mechanisms, part of the UEs at the cell border reselect or hand over to the less congested cell;
6. In the new situation the cell load due to UEs accessing the cell is reduced.

The application of steps 3 and 4 may be independent. However, the joint application of both mechanisms is expected to provide a more significant benefit than the application of a single mechanism. Cell reselection parameters optimisation aims at reducing the number of subsequent handovers due to load balancing for stationary UEs, while the tuning of handover parameters is still needed to handle the load balancing for UEs moving towards the cell border while in connected mode. Moreover since the resources requested by the UE may be known only at bearer set up, the two mechanisms are complementary, as the tuning of cell reselection parameters may be applicable when neighbour cells have a significant gap in load, while the tuning of handover parameters may be applicable as a finer mechanism.

The joint setting of the handover parameters for active UEs and cell reselection parameters for idle UEs allows a coherent handling of the mobility procedures reducing side effects like ping-pong.
The monitoring of cell load and the possible related signalling between adjacent eNodeBs should be the same for both mechanisms.
4. Parameters and measurements

Input parameters
Input parameters to the SON function are:
· Current cell load;
· Cell load of neighbouring cells;
· Event counters like cell specific call drops or handover failures;
· NMS/EMS configuration data;
· Planning tool data.
Outputs parameters
Cell reselection and Handover parameters should modify the cell border between the serving and the target neighbour cell, while keeping the same relationship between the serving and the other neighbour cells, as well as between the target and other neighbour cells.

For the intra-frequency case the cell reselection parameter Qoffset(s,n), where “s” is the serving and “n” is the related neighbour cell, allow a pair-wise setting, i.e. a different value can be set for a pair of cells, without adjusting the cell reselection parameters of the other neighbour cells. Other cell reselection parameters broadcasted by the serving cell may be used depending on the implemented self-tuning algorithm, particularly for the inter-frequency case.
In the same way handover parameters self tuning requires a pair wise setting of handover thresholds.
So output parameters are:

· Threshold and hysteresis values for handover;

· parameters for cell reselection, e.g. Qoffset.
4.1 Load estimation
A standardized definition of cell load on the radio interface is needed, in order to allow solutions for multivendor deployments. The load information exchanged should be able to estimate the following:

Downlink

· Total downlink load
· Percentage of resource allocation for GBR and non-GBR (e.g. percentage of PRBs of each type)

Uplink

· Total uplink load
· Percentage of resources used by the UEs connected to the cell
· Percentage of resource allocation for GBR and non-GBR (e.g. percentage of PRBs of each type)

RAN WG1 [5] has provided two examples of L1 measurements that could be useful in this context:
· Received total power in uplink
· Downlink relative transmitted power 
It is proposed to take the RAN1 proposal into consideration and further ask RAN1 and RAN2 to possibly enhance the measurements based on the requirements above.
5 Conclusion
It is proposed to add the following use case description in TS 36.300 Annex X according to the proposed text below.

It is proposed to ask RAN1 and RAN2 to define the measurements for load estimation, according to the requirements reported in section 4.1.
Start of Changes
Annex X. SON use cases: load balancing

X.1
Scenario description

The target of load balancing self tuning mechanisms is to automatically adjust cell reselection and handover parameters in order to cope with unequal traffic load and local congestion and increase the overall system capacity, while minimizing the human intervention in network management and optimization tasks. 

Load balancing procedures may be applied for two purposes:

· limit the congestion: in this case the load distribution mechanism is triggered by an overload situation;
· distribute the load all over the network: in this case the load gap between cells is considered by the load distribution mechanism.
The mechanism applies to UEs in both Idle and Active mode, where the setting of related parameters has to be managed in a coordinated way. 
X.1.1 Active mode

The reasons for introducing a mechanism for self tuning of handover parameters are:

· it is more efficient for a congested cell to cope with DL interference from a neighbouring eNodeB transmitting to a UE close to the cell border than to allocate resources to that UE;

· a mechanism in active mode makes it possible to improve the load balancing efficiency when considering an active user in mobility situation.
X.1.2 Idle mode

The reasons for introducing a mechanism for self tuning of cell reselection parameters are:
· aligned behaviour between idle and active mobility, reducing the need for subsequent handover at the RRC connection request;

· reduction of uplink load in the source cell in idle-to-active transition;

· reduction of blocking probability.

X.2 Procedures

The mechanism for load balancing is based on the following steps:

1. eNodeBs monitor the load in the serving cell. Architecture for the exchange and processing of related load information is FFS;

2. An algorithm identifies the need to distribute the load between adjacent cells, e.g. by comparing the load among the cells, the type of ongoing services, the cell configuration, etc.

3. The handover margins between the congested cell and one or more neighbouring cells are modified; 
4. The cell reselection parameters between the serving and one or more neighbouring cells are modified and the modification is signalled to the UEs by means of BCCH System Information change indication;

5. According to the cell reselection and handover mechanisms, part of the UEs at the cell border reselect or hand over to the less congested cell;

6. In the new situation, the cell load due to UEs accessing the cell is reduced.

The application of steps 3 and 4 may be independent. 

The joint setting of the handover parameters for active UEs and cell reselection parameters for idle UEs allows a coherent handling of the mobility procedures reducing side effects like ping-pong.

The monitoring of cell load and the possible related signalling between adjacent eNodeBs should be the same for both mechanisms. 
X.3 Parameters and measurements

Input parameters 

Input parameters to the SON function are:
· Current cell load;
· Cell load of neighbouring cells;
· Event counters like cell specific call drops or handover failures;
· NMS/EMS configuration data;
· Planning tool data.
Outputs parameters
Cell reselection and Handover parameters should modify the cell border between the serving and the target neighbour cell, while keeping the same relationship between the serving and the other neighbour cells, as well as between the target and the other neighbour cells.

For the intra-frequency case the cell reselection parameter Qoffset(s,n), where “s” is the serving and “n” is the related neighbour cell, allow a pair-wise setting, i.e. a different value can be set for a pair of cells, without adjusting the cell reselection parameters of the other neighbour cells. Other cell reselection parameters broadcasted by the serving cell may be used, particularly for the inter-frequency case.

In the same way handover parameters self tuning requires a pair wise setting of handover thresholds.
Output parameters are:

· threshold and hysteresis values for handover;

· parameters for cell reselection, e.g. Qoffset.
End of Changes
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